BASIC RESEARCH on the ventricular pressure-volume loop diagram has been revived.' Several investigators2-8 proposed that the relationship of end-systolic pressure (or wall stress) to end-systolic volume (or some dimension) may be useful in evaluating the contractile state of the heart. Grossman et al. published an important clinical study" in 1977; many others followed. At 
BASIC RESEARCH on the ventricular pressure-volume loop diagram has been revived.' Several investigators2-8 proposed that the relationship of end-systolic pressure (or wall stress) to end-systolic volume (or some dimension) may be useful in evaluating the contractile state of the heart. Grossman et al. published an important clinical study" in 1977; many others followed. At the 1980 annual meetings of the American Heart Association and American College of Cardiology, at least 11 papers 0-21 were presented concerning the end-systolic relationship between pressure and volume, pressure and thickness, and wall stress and normalized volume. Several significant studies2' 39 have also appeared in the past 5 years; a dozen clinical studies have been published. With this popularity, the original meanings of end-systolic pressure-volume relation and its parameters (e.g., Emax, m, V0 and Vd) have become ambiguous. Sometimes they were purposely modified to attempt to improve their value and other times just to make the measurement easy. Whatever the reasons, it seems appropriate to review these modifications with reference to the proponents' original ideas about fundamental aspects.
Isovolumic Pressure-Volume Relation Frank40 determined the relation curve of isovolumic peak pressure to volume in the frog ventricle and showed that it was highly nonlinear, indicating a descending portion in the large volume region. Recent investigators2, 3 figure  1 ). Thus,
or, according to the end-systolic formula used by Grossman et Two animal experiments have been reported that attempt to estimate peak isovolumic pressure from an ejecting beat, obviating the need to alter the loading condition. One estimation49 is based on the assumption that an isovolumic pressure curve can be reasonably approximated by an elevated sine wave and makes use of the isovolumic systolic and diastolic portions of a pressure curve from ejecting ventricle. Connecting this estimated peak pressure-volume point with the measured end-systolic pressure-volume data point will yield an end-systolic pressure-volume relation line, which is similar to the broken line in figure 1 .
Another attempt assumes a viscoelastic model for the ventricle and estimates the model parameter values from instantaneous pressure and volume data of a given beat. 44 The model comprises a time-varying elastance E(t) and a pressure-dependent viscous resistance. Again, once the elastance parameter is identified, multiple peak isovolumic pressure points can be easily calculated and the end-systolic pressurevolume points connected to yield the slope parameter, Emax. Both methods are said to predict the peak isovolumic pressure within ± 5% of the actual pressure, so their potential for clinical estimation of Emax should be pursued.
End-systole vs End-ejection lizuka50`warned of the probable confusion and consequent misuse of the end-systolic pressure-volume relationship because of the hazy distinction between end-ejection and end-systole among cardiologists. When ejection of blood begins and ends depends not only on the time course of the myocardial contractile process, but also on external loading conditions. For example, if an extremely efficient counterpulsation were performed, the ventricle would be assisted to continue ejecting blood even after the active process passed its peak. In contrast, if the coun-EDITORIAL -END-SYSTOLIC P-V RELATION/Sagawa terpulsation were out of phase, it would easily bring ejection to an end even before the peak of active contraction is reached. Therefore, a term must be established that indicates the end of active contractile process independent of loading condition. Iizuka50 proposed contraction and end-contraction for systole and end-systole. Suga52 and I59 feel that it is premature to abandon the term systole entirely.
Lacking a unanimous definition of systole," I submit to define the end-systole generally as the instant at which some measure of the active contractile process reaches a maximum. With this definition, either the time for peak isovolumic pressure or end of ejection under a constant pressure is obviously end-systole. Those who wanted to distinguish end-systole from end-ejection had difficulty in defining end-systole when the ventricle ejects against falling pressure as in the normal beat. By using the time-varying volume elastance E(t), as described in equation 1, however, one can define end-systole as the time at which E(t) becomes maximum, including ejecting beats under variable pressure. That left ventricular ejection normally ends very shortly after the end of systole, as defined above,28 is coincidental; there is no a priori reason to be so. In fact, Maughan et al. 27 presented evidence that because of the very small pulmonary vascular resistance, the right ventricular ejection goes on far beyond the end-systole. Using computer simulation, Suga55 showed that even the human ventricular ejection proceeds far beyond the time for Emax when peripheral resistance is abnormally small (fig. 2) . Therefore, if one blindly uses such end-ejection pressure-volume data points to estimate Emax, the error can be quite large.
In all of the clinical studies cited except two,6' 25 the measured "end-systolic" pressure-volume relation lines are different from that which Suga et al. 42' 27 defined originally. Most investigators use dicrotic notch pressure in the artery for end-systolic pressure.9 11 15 25 ' Some use peak systolic pressure in the ventricle or aorta.9' 13. 14, 24, 25 Nivatpumin et al.24 compared in 35 patients the maximum P/V value (not Emax, as Suga et al.46 defined) against the ratio of the peak ventricular pressure to the minimum systolic volume, and found that the two slope parameters correlated highly (r = 0.99), though the latter was about 10% greater than the maximum P/V. Marsh et al. 25 also found a close correlation between the slope parameter determined with peak ventricular pressure and the slope with dicrotic notch pressure against endsystolic ventricular dimension in human subjects with no obvious cardiac diseases. All of these efforts to make estimation of Emax noninvasive should be encouraged. However, when pressure and volume data are taken at two instants of time, the ratio is no longer an end-systolic volume elastance. Until the value and limitations of each of noninvasive modifications are established, precise report of the actually measured variables and their relations is warranted to avoid unnecessary confusion. The aortic pressure wave form must also be examined; if a large difference is evident between the peak and dicrotic notch pressure (as in aortic regurgitation), it is imperative to use the pressure at the instant of time at which ventricular volume is determined. Studies must be continued as to why some investigators obtain such highly negative V0 values and others do not, and why the pressure-dimension relation or wall stress-length relation shows parallel shift as opposed to the slope change, which is more frequently seen in the pressure-volume relation with inotropic interventions.9 36, 39 Because it is not easy to change loading conditions without provoking reflex changes in contractility of the heart in human subjects, the methods to estimate peak isovolumic pressure from ejecting ventricular pressure-volume data of a single beat is of prime importance. A method to allow repeated accurate measurement of ventricular volume in intact animals must be established to close the gap of information between excised heart data and information on diseased hearts in man. Finally, it is also very important to explore an appropriate way to normalize the slope and volume intercept values for a given purpose.' With all the information, limitations of the end-systolic pressure-volume relation will become more clear and its value should be far greater.
Conclusion

